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Acute rupture of the thoracic aorta caused by
blunt chest trauma is a life-threatening injury account-
ing for up to 18% of deaths in motor vehicle acci-
dents.1 The site of aortic rupture is the isthmus in 84%
to 90% of cases.2,3 The natural history of the patient
with aortic transection is self-selective. Death follows a
bimodal distribution, with most patients dying at the
scene, whereas approximately 15% to 20% of the vic-
tims reach the hospital alive because of the preserved
continuity of adventitia and mediastinal structures sur-
rounding the injured aorta.4 Of those potentially cur-
able patients the overall mortality rate is estimated to
be 32%, with one third dying before surgical repair is
attempted.5 Since Parmley et al.’s6 report in 1958 on
the natural history of the injury, many aspects of aor-
tic transection have changed, from the design of
motor vehicles, which alters survival rates, through the
creation of heparinless partial bypass techniques, and,
more recently, to the tremendous development of
endovascular intervention.
This report relates our experience with two
patients in whom treatment was deliberately delayed
for periods of 1 and 6 months, respectively, and who
subsequently underwent transluminal placement of
endovascular covered stents for the management of
traumatic rupture of the descending aorta.
CASE REPORTS
Case 1. A 15-year-old boy was transferred to
our center from a peripheral hospital 8 hours after
having been struck by a car while riding a moped.
Before the transfer a splenectomy had been per-
formed because of hemodynamic instability attrib-
uted to a ruptured spleen with hemoperitoneum.
On arrival the patient was comatose (initial Glasgow
coma scale 3), hemodynamically stable but severely
hypoxemic (PaO2: 60), and anuric.
Clinical and radiologic evaluation revealed a closed
head injury with subarachnoid and intraventricular
hemorrhage associated with a right hemorrhagic
frontal contusion and an open fracture of the right
tibia. The chest roentgenogram showed a widened
mediastinum with blurred aortic knob and depressed
left mainstem bronchus. Spiral computed tomography
(CT) of the chest with three-dimensional vascular
reconstruction revealed a traumatic rupture of the
descending aorta with mediastinal hematoma con-
firmed by transesophageal echocardiography. Bilateral
pulmonary contusions were also present.
Because of the precarious condition of the
patient, the aortic lesion was not treated initially.
Moreover, the risk of intrathoracic exsanguination
was thought to be rather low in the absence of active
ongoing hemorrhage and elevated blood pressure.
After 6 months of convalescence with close moni-
toring and blood pressure control, the patient showed
marked neurologic and respiratory improvement, and
plans could be made for elective treatment of the now
stable and well-concealed pseudoaneurysm that had
developed at the site of the previous aortic rupture
(Fig. 1). Chronic pulmonary infection with multiresis-
tant Staphylococcus aureus precluded an open thoraco-
tomy because of the risk of graft infection in the event
that primary closure proved impossible.
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Thoracic spiral CT and digital subtraction
angiography of the thoracic aorta with a calibrated
catheter were performed for sizing and localizing
purposes (Figs. 1 and 2). Selective intercostal arter-
ies catheterization revealed that the Adamkiewitcz
artery originated from the ninth intercostal artery
on the right side.
Consent was obtained, and a team of vascular sur-
geons and interventional radiologists performed the
endovascular procedure with the patient under gen-
eral anesthesia with endobronchial intubation and
mechanical ventilation. The procedure was conduct-
ed in a sterile radiologic vascular interventional suite
(in accordance to the World Health Organization’s
recommendation on air handling of surgical suites).
The operative field was prepared and draped for tho-
racotomy in the event the endovascular device could
not be deployed or a major complication occurred.
The endovascular device used was a straight covered
stent7 (Mintec, Freeport, Bahamas) 22 mm in diam-
eter and 8 cm long with 1.2 cm bare at the proximal
end. Measurements were based on the digital sub-
traction angiography and the spiral CT data. The
graft diameter was oversized by 10% to achieve a
tight friction seal.
The right common femoral artery was isolated,
and a transverse arteriotomy was performed after
intravenous administration of 5000 IU heparin. A
right brachial artery puncture allowed a 2.60 m long
0.035-inch stiff guide wire (Amplatz, Meditech,
Watertown, Mass.) to be tethered between the two
vascular accesses, ensuring a rigid axis and smooth
tracking of the device.
Under fluoroscopic and transesophageal echocar-
diographic guidance the delivery system was advanced
until the sheath was correctly positioned with the first
leading platinum marker on the compressed stent-
graft at the preestablished level. The outer sheath was
then slowly withdrawn approximately 3.5 cm. The
latex balloon was positioned in the first leading lumen
of the stent-graft and was inflated to fully anchor the
barbs on the neck of the stent into the nonaneurysmal
wall of the aorta. The outer sheath was then with-
drawn completely to fully deploy the implant.
Thereafter the prosthesis was modeled with a 20 mm
angioplasty balloon (Medi-tech, Watertown, Mass.).
Finally the introducer delivery system was removed,
and after repeat angiography and transesophageal
echocardiography were performed, the arteriotomy
Fig. 1. Thoracic spiral CT with intravenous contrast per-
formed 51⁄2 months after trauma showing well-delineated
and partially thrombosed pseudoaneurysm of proximal
descending aorta measuring 4 · 5 cm. True aortic lumen,
left main stem bronchus, and right pulmonary artery are
compressed by pseudoaneurysm.
Fig. 2. Left anterior oblique thoracic aortography per-
formed just before procedure demonstrating circulating
part of pseudoaneurysm, site and dimensions of neck, and
compressive effect on true aortic lumen.
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was repaired. With this technique the covered stent
was deployed with the proximal end just distal to the
left subclavian artery ostium and the distal end 2.5 cm
under the aortic rupture. Angiography (Fig. 3) and
perioperative transesophageal sonography revealed
complete thrombosis of the pseudoaneurysm with
exclusion of the neck. However, a sudden rise in pres-
sure inside the pseudoaneurysmal sac with fresh
thrombosis resulted in complete left lung atelectasis
caused by acute compression of the left mainstem
bronchus. An endobronchial silicone stent was then
installed with good clinical and bronchoscopic results.
The clinical outcome was favorable, and the
patient had no sensory or motor deficit. Follow-up
cranial CT revealed a postcontusionnal hypodensity
in the right frontal lobe responsible for posttraumat-
ic seizures well controlled by medication. The
bronchial stent was removed 3 months later.
Spiral CT and transesophageal echocardiography
at 15 days, 3 months (Fig. 4), and 6 months showed
complete exclusion and significant involution of the
pseudoaneurysm. The lung parenchyma was normal.
At 15 months after treatment (21 months after trau-
ma) spiral CT revealed complete involution of the
pseudoaneurysm with the prosthesis intact and sta-
ble (Fig. 5).
Case 2. A 19-year-old man involved in a violent
head-on collision (restrained) was admitted with
multiple traumatic injuries. Examination revealed a
severe brain injury (initial Glasgow coma scale 6)
with left parietal and left ischiopubic fractures and
scrotal hematoma. No motor deficit was present. He
was hemodynamically stable, had undergone intuba-
tion, and had fair oxygen saturation.
The initial chest x-ray evaluation showed a
widened mediastinum, left pleural cap, blurred aor-
tic knob, and a right pulmonary contusion. Thoracic
spiral CT revealed a significant hemomediastinum, a
right hemopneumothorax, and a right pulmonary
contusion. Contrast injection with three-dimension-
al vascular reconstruction demonstrated a contained
rupture of the aortic isthmus with pseudoaneurysm
confirmed at transesophageal echocardiography.
Head CT showed a left frontoparietal epidural
hematoma (1.8 · 1.6 cm) with moderate mass
effect.
Because of the patient’s neurologic condition the
aortic surgery was postponed, and his blood pressure
and hemodynamic status were closely monitored in
an intensive care setting. After 1 month of convales-
cence with neurologic and respiratory improvement,
endovascular treatment of the now stable aortic
pseudoaneurysm was proposed. The epidural
hematoma showed some regression (1.5 cm thick).
With a similar technique and under the same
conditions, a 26 mm diameter, 9 cm long covered
stent was installed. The first 12 mm of the prosthe-
Fig. 3. Postprocedure angiogram showing covered stent
in place excluding pseudoaneurysm. Dacron membrane
showed at first slight protrusion within neck of pseudoa-
neurysm because of its greater compliance compared with
inner metal frame. With further thrombosis of pseudoa-
neurysm, Dacron resumed more central position, in close
contact with metallic stent as shown on follow-up studies
(Figs. 4 and 5).
Fig. 4. Spiral CT 21⁄2 months after treatment showing
partial involution of pseudoaneurysm, which now has
complete thrombosis. Left bronchial stent is in place.
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sis was not covered with Dacron and overlapped the
ostium of the left subclavian artery because of the
close proximity of the pseudoaneurysmal sac.
Angiography and transesophageal echocardiography
showed complete exclusion of the pseudoaneurysm
with good apposition of the stent-graft to the aortic
wall. The left subclavian artery remained patent with
good opacification. After an uneventful procedure
and recovery, the patient was discharged in good
condition on the eighth postoperative day. 
Transesophageal echocardiography 2 months
after the intervention revealed normal patency of the
stent-graft with a small inner deformity caused by
the more compliant Dacron membrane compared
with the inner metal frame, slightly protruding with-
in the neck of the pseudoaneurysm. No color or
duplex signal was recorded within the totally exclud-
ed false aneurysm. Spiral CT at 2 and 4 months
demonstrated stability of the thrombosed pseudoa-
neurysm with no evidence of perigraft leak. Spiral
CT at 9 months after intervention showed complete
involution of the pseudoaneurysm with patency of
the stent, the thoracic aorta, and the brachiocephal-
ic arteries including the left subclavian artery. Figs. 6
and 7 demonstrate angiographic and CT documents
before and after intervention.
DISCUSSION
For many decades standard surgical practice has
dictated that traumatic rupture of the thoracic aorta
must be diagnosed quickly and managed aggressive-
ly by immediate surgical repair. Behind that well-
anchored dogma is the natural history of the injury,
as reported by Parmley et al.6 in 1958, who from an
autopsy series postulated that mortality increased sig-
nificantly with delayed recognition and repair. This
statement of outcome has previously been challenged
by other investigators in light of today’s practice with
its full range of diagnostic tools and therapeutic
modalities.8 Moreover, controversy remains regard-
ing the best method of intraoperative management.
A meta analysis of articles concerning the surgical
management of acute traumatic rupture of the
descending thoracic aorta has been reported recent-
ly.5 It showed that the risk of paraplegia complicating
surgery on hemodynamically stable patients with
acute rupture of the thoracic aorta is at least 2.3%,
even if active distal perfusion is provided. With either
passive shunting or simple aortic cross-clamping the
risk of paraplegia is 11.1% and 19.2%, respectively.
However, the risk of full systemic heparinization
in patients with acute traumatic rupture of the aorta,
because of the high incidence of associated cerebral
and visceral injuries in these patients, has been high-
lighted previously.9 Heparinization has been suggest-
ed to contribute to morbidity by aggravating neuro-
logic injuries,10 by causing intrapulmonary hemor-
rhage, and by increasing surgical mortality.10-12 Data
from the 20-year meta analysis did document a high-
er mortality rate in patients treated with systemic
heparinization (18.2%) as opposed to heparinless
modalities (11.9%). It must be kept in mind that
severe associated head, pulmonary, orthopedic, vas-
cular, and abdominal injuries are present in more
Fig. 6. Left anterior thoracic aortography before and
after intervention showing complete exclusion of previ-
ously communicating isthmic pseudoaneurysm (arrow).
Fig. 5. Thoracic spiral CT 15 months after treatment
showing complete involution of pseudoaneurysm, good
apposition of prothesis to aortic wall, and patent left
bronchus.
168 subjects had acute disruption of the thoracic
aorta.22 One hundred sixty-six of them died within
2 hours of the accident, precluding surgery; only
one patient died of delayed rupture of a periaortic
hematoma.
In a review of the American literature, Walker
and Pate23 and Pate24 found 64 patients with tho-
racic aortic trauma treated initially by conservative
therapy; in none of the cases reported did free rup-
ture of the periaortic hematoma occur. Maggisano et
al.18 demonstrated that with a more selective
approach consisting of immediate repair for unstable
patients and stable patients with no contraindica-
tions to early repair and deliberate delayed repair for
patients with concomitant injuries or sepsis, the
operative mortality rate was 9%. This result com-
pares favorably with the 20-year meta analysis’ oper-
ative mortality rate of 21.3%.5 Furthermore they
stated that the very common postoperative compli-
cation of respiratory insufficiency (26%) could have
been reduced had operative repair been delayed until
after the associated pulmonary contusion had com-
pletely resolved, a common occurrence in the
patient with multiple trauma.
Pate et al.8 found that the risk of free rupture
after arrival at the hospital with the periaortic
hematoma contained in the mediastinum appeared
to be considerably less than the risk involved in
emergency aortic repair in patients with serious asso-
ciated injuries. Moreover, they showed that no
patient whose arterial pressure was maintained at less
than 140 mm Hg by drug therapy had free rupture.
They remind us that one of the major determinants
of rupture of the pseudoaneurysm is the left ventric-
ular systolic ejection dynamics, which suggest that
the use of b -blockers is even more essential than sim-
ple antihypertensive therapy. Both of our patients
were closely monitored for any rise in blood pres-
sure. The goal was to maintain a mean arterial pres-
sure less than 80 mm Hg. This goal was achieved
with a combination of a b -blockers and vasodilators.
Since Parodi et al.25 reported in 1991 the feasi-
bility of transfemoral intraluminal graft implantation
for the treatment of abdominal aortic aneurysms,
many authors have reported the efficacy and low
morbidity associated with endoluminal management
of arterial aneurysms.7,26-30 Although most investi-
gation is currently focused on abdominal aortic
aneurysm, there is sometimes an even greater need
for this type of device for the management of tho-
racic aortic aneurysm. Mitchell et al.29 recently
reported a series of 44 patients treated for thoracic
aortic aneurysm by transluminal stent graft place-
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than 75% of patients with blunt trauma to the tho-
racic aorta.13 Thus patients with multisystem lesions
must be carefully evaluated to establish a plan of ther-
apy for each injury.
Recently the concept of deliberate delayed repair
has been reported in the literature,14,15 and many
recent publications report the possibility of delaying
the surgery.8,16-20 It stands to reason that immediate
surgical repair of aortic injury is mandatory if a sig-
nificant hemothorax or a pseudocoarctation syn-
drome indicates impending free rupture. However,
in most patients reaching the hospital alive, the
adventitia and surrounding mediastinal structures
remain more or less intact, thus partially preserving
the integrity of the disrupted aorta and preventing
acute exsanguination into the thorax.21 In fact,
exsanguination caused by delayed free rupture of an
initially stable aortic tear may be less frequent than
previously assumed. Supporting this hypothesis is a
retrospective analysis of 5752 autopsies in which
Fig. 7. Spiral CT evidence of pseudoaneurysm (arrow)
exclusion by patent covered stent.
ment. Their results supported the hypothesis that
endovascular stent-graft placement may be a safe and
durable treatment for selected patients with aneurys-
mal disease of the descending thoracic aorta. It
offers an alternative approach for elderly patients
and those with previous operations, obesity, respira-
tory insufficiency, or other concomitant illnesses
with potentially less morbidity and quicker recovery.
From a recently updated series of 82 patients
treated by stent-graft for thoracic aneurysms result-
ing from a variety of causes, Dake et al.26-27 report-
ed a stent-related mortality rate of 8.5%. Other com-
plications included paraplegia (3.6%), stroke (4.8%),
perigraft leak (4.8%), groin infection (1.4%), and
non-Q-wave myocardial infarct (1.2%). Overall, it
suggested that the frequency and extent of compli-
cations are not significantly different from those
reported for traditional surgery. Moreover, that
same series of 82 patients included 9 patients who
were treated for acute contained ruptures, 3 of them
caused by traumatic transection similar to our 2
patients.
The theoretical advantages of endovascular treat-
ment of acute rupture of the thoracic aorta are mul-
tiple: a simple arteriotomy is performed without tho-
racotomy or aortic clamping, and the length of cov-
ered aorta is limited to the diseased segment, which
lessens the risk of medullary ischemia. We can also
state that severe head injury and pulmonary contu-
sions pose less of a problem with this approach,
because for severe head injuries the absence of aortic
cross-clamping prevents an intracranial pressure rise,
and for pulmonary contusions there is no need for
intraoperative one-lung ventilation.
Precise sizing is critical to those endovascular
procedures. In our institution we use data from dig-
ital subtraction angiography with calibrated catheter
and spiral CT with three-dimensional reconstruc-
tions. We find that the multiple angles of views pro-
vided by three-dimensional reconstructions offer a
unique way to thoroughly evaluate neck lengths,
topography of aneurysm in relation with branch ves-
sels, and aortic diameters. We believe that in the near
future spiral CT might be the only imaging study
required before stent-graft therapy. However,
because of a lack of strong scientific data confirming
this premise, we keep performing preprocedure
angiography with calibrated catheter as a comple-
mentary investigation. Moreover, digital subtraction
angiography provides a better evaluation of iliac
arteries, which is mandatory before the large deliv-
ery systems of the currently used stent-grafts are
introduced.
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For all of these reasons that new therapeutic
strategy seems very appealing. However, a few draw-
backs are worth mentioning.
1. The covered stents currently in use can treat only
aortas with a diameter less than 40 mm.
2. The caliber of the delivery system is quite impor-
tant (18F to 24F), which can potentially be a
problem with small and spastic arteries of young
people and tortuous and rigid arteries of older
people.
3. The durability of stent-graft material and the fix-
ation system, which is crucial to the success of
this technique, is a subject of concern.7
4. We do not yet have any long-term follow-up, so
we cannot comment on late complications.
Moreover, the effect of endoluminal grafting on
paraplegia rates is unknown.
This raises the question of whether it is justified
to use this new approach to replace standard treat-
ment in patients who have the usual indications for
surgery with no major systemic or local factors that
increase risk and contraindicate standard therapy.
The minimally invasive nature of endovascular
prostheses makes them very attractive in accor-
dance to the new trend in surgery to develop less
invasive procedures to accomplish treatment goals
with reduced operative risk and complications. We
might even expect in the future to apply this new
endovascular technology in the acute setting of
traumatic aortic tear. Because the thoracic aorta is
a high-flow area and the stagnation of blood flow
has a very short duration limited to the few seconds
of balloon inflation, we are able to deploy an aortic
stent-graft with a minimal amount of heparin with-
out undue risk of thrombosis. Endovascular treat-
ment in the acute setting might be possible when
standard material will be available at hand, which is
reasonable to expect in the near future. However,
because the devices and techniques for inserting
endovascular grafts are still in the early stages of
development, we should follow reasonable guide-
lines that have been created to direct the develop-
ment of the technique and to prevent unjustified
overuse.31
In conclusion, we do not yet have extended fol-
low-up data on the safety and effectiveness of
endovascular grafting. This approach may be a viable
therapeutic option for acute traumatic rupture of the
aorta, but appropriately controlled prospective stud-
ies are required before we can recommend its wide-
spread use.
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